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Abstract of JP7277814 

PURPOSE:To produce an alumina-based ceramic sintered compact having high strength and high 
toughness and hardly reducing its strength even at high temp. (1,200 deg.C). CONSTITUTION: A 1 
having a chemical compsn. consisting of l-10wt.% La203, 0.01-0.1wt.% Si02 and the balance Al! 
is compacted and held under heating in the temp, range of 1,400-1,800 deg.C so that the resultant 
sintered compact is densified to >=95% relative density and the crystal phase of the sintered compz 
composed of corundum (alpha-A1203) and lanthanum.beta-alumina (La203.1 1 A1203). The objec 
alumina-based ceramic sintered compact having high strength and high toughness and capable of 
exhibiting high strength at high temp, is obtd. 
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Description of corresponding document: EP0659705 



This invention relates to a sintered ceramic article formed mainly of alumina and has particular refer 
to a sintered ceramic which is characterized by exhibiting high toughness at normal room temperatui 
at elevated temperatures (1200 DEG C). This invention also includes a method for the production of 
sintered ceramic article. 

Alumina has a high melting point, is thermally stabile, and excels in resistance to abrasion, insulatio: 
property, and resistance to corrosion and, on account of these features, has found extensive utility as 
industrial material. For example, the high electric insulating property of alumina is utilized in electrc 
components such as spark plugs, IC substrates, and packages as well as in light-pervious alumina, 
bioceram and other such highly functional sintered articles and single-crystal materials. Practical 
application of alumina as a functional material has thus been extended into a wide range of fields. 
Application of alumina as a structural material, however, has been slower. This can be traced to the I 
toughness of alumina, which is in the range of 3 to 4 MPam<l/2>.In terms of resistance to oxidation 
corrosion, however, alumina is fundamentally superior to such non-oxide ceramic materials as silico 
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nitride and silicon carbide which are the main ceramic structural materials in use today. It is therefor 
regarded as a potentially excellent structural material. Moreover, alumina can be fired in the open ai) 
whereas the non-oxide ceramic materials are required to be fired nitrogen, argon or other such non- 
oxidizing gas atmosphere. A plant for the production of sintered alumina articles is therefore not ver 
expensive to construct. Further, it can be operated at a low running cost. 

Various methods have been studied for improving the toughness of alumina. These methods can be 
roughly divided into the four types: (1) dispersion of Zr02, (2) dispersion of platelike particles or 
whiskers, (3) growth of platelike alumina particles by the addition of a liquid phase forming auxiliar 
(4) the growth of platelike particles as La203.1 1A1203 (hereinafter referred to briefly as "LaAll 10 
a coexistent relationship with alumina. The method of (1) consists in utilizing the stress-induced 
modification of zirconia. It is reported that the alumina produced by this method possesses a high in 
toughness in the range of from 5 to 8 MPam<l/2>. Since the mechanism for increasing toughness uti 
the phase modification of zirconia, high toughness can be obtained by this mechanism only at tempe 
not exceeding the temperature of the monoclinic system-tetragonal system modification of zirconia ( 
800DEGC). 

The method of (2) consists in dispersing in alumina from 10 to 30% by volume, based on alumina, o 
whiskers or platelike particles of a non-oxide material with formanisotropy such as silicon carbide c 
silicon nitride. The toughness of alumina is enhanced by causing the dispersed whiskers or platelike 
particles to produce a bridging or a fiber extracting effect along edges of cracks produced by grain 
boundary breaking. As reported in J. Am. Ceram. Soc, 67 [12], C267-C269 (1984), this method pro 
a sintered article with a high fracture toughness on the order of 8.7 MPam<l/2>. On the other hand, 
however, the strength of the sintered article is reduced because the added platelike particles or whisk 
function as faults.Besides, since the method requires a large amount of these platelike particles or wl 
to be dispersed, namely as much as 10 to 30% by volume based on alumina, the reinforced alumina i 
be fired by hot pressing or hot isotactic pressing (HIP). This method is therefore very expensive and 
to apply for obtaining a sintered article of complicated shape. Further, since a non-oxide ceramic ma 
such as silicon carbide or silicon nitride is used as a dispersing material, it is likely that the reinforce 
alumina will deteriorate and lose its fortified toughness by oxidation at elevated temperatures and th; 
product of this method will not endure protracted use either at elevated temperatures or in a corrosiv 
environment. The method of (3), as reported in Mater.Sci., 28, 5953-56 (1993), for example, consist: 
using silica-calcia, silica-magnesia or other such firing material which reacts with alumina in the firi 
temperature range and forms a liquid phase, thereby enabling the alumina particles to grow during fi 
into plates of high anisotropy and consequently increasing the toughness by a mechanism similar to 
obtained by the addition of platelike particles. This method, however, has the disadvantage that the 
sintered article experiences a marked decrease in strength at high temperatures because a low-meltin 
point vitreous phase persists in the sinter. The method of (4) consists in causing platelike hexaalumii 
particles (such as LaAll 1018 and LaMgAll 1018) to grow in an alumina matrix during sintering.Th 
product of this method suffers only a slight decline of mechanical properties because no low-meltinj 
vitreous phase persists in the sinter. As reported in J. Am. Ceram. Soc, 75 [9], 2610-12 (1992), the 
fracture toughness of this product is about 4 MPam<l/2>. Thus, this method gives only a small incn 
toughness. 

From the foregoing it is obvious that the prior art methods are incapable of producing a sintered alur 
article having both high strength and high toughness at temperatures ranging from normal room 
temperature to elevated temperatures under various circumstances including corrosive environments 

An object of this invention is to provide a sintered article formed mainly of alumina which exhibits 1 
strength and high toughness at temperatures ranging from room temperature to elevated temperature 
corrosive environments and which enables easy fabrication of products even in complicated shapes I 
simple process at a low cost. 

Another object of the invention is to provide a method for the production of the sintered article. 
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According to one aspect of the present invention therefore there is provided a sintered ceramic articl 
comprising alumina, characterised by the incorporation of LaAll 1018 in the alumina matrix and an 
amount of silica such that the LaAll 1018 and alumina matrix comprise platelike particles. 

The inventors noted that LaAll 1018 has excellent resistance to heat and, when incorporated in an 
aluminum matrix and sintered, grows in the form of platelike particles. Based on this finding, they n 
study with a view to developing a method for utilizing LaAll 1018 to produce a sintered article fonr 
mainly of alumina and exhibiting enhanced toughness. In the early stage of their study, they found tl 
sintered article obtained by firing a shaped piece of a mixture of A1203 with La203 shows no substi 
improvement in toughness because the alumina particles constituting the matrix assume an isometric 
whereas the compound LaAll 1018 formed by the reaction of the starting raw materials grows in the 
of platelike particles.They continued their study of the system based on this knowledge and consequ 
found that addition of a very small amount of silica allows the LaAll 1018 to retain its platelike part 
form and, at the same time, enables the alumina constituting the matrix to assume the form of plateli 
particles and, owing to the combined particle-forming effects of the two compounds, enables produc 
a material having higher toughness than the conventional A1203-LaAll 1018 type material. They fu 
found that this addition of a very small amount of silica has virtually no adverse effect on the high- 
temperature strength of the sintered article produced. 

The invention may concern a sintered ceramic article formed mainly of alumina, having a chemical 
composition of from 1 to 10% by weight of La203, from 0.01 to 0.1% by weight of Si02, and the b; 
of A1203. The article may substantially comprise corundum ( alpha -A1203) and lanthanum beta -al 
(La203.1 1 A 1203). The invention also includes a method for the production of the sintered ceramic 
formed mainly of alumina by shaping a mixture of A1203, La203, and Si02, calcining the shaped r 
in the air at a temperature in the range of from 600 DEG C to 1000 DEG C, and further firing the cal 
shaped mixture to a temperature in the range of from 1400 DEG C to 1800 DEG C. 

The sintered ceramic article of this invention may also be characterised by being densified to a relati 
density of not less than 97%. 

In a different aspect of the invention there is provided a method for the production of a sintered alun 
based ceramic article comprising sintering a mixture containing alumina, characterized in that said n 
incorporate LaAll 1018 in the alumina matrix and an amount of silica such that the LaAll 1018 and 
alumina form platelike particles. Typically the invention comprises shaping a mixture having a chen 
composition of from 1 to 10% by weight of La203, from 0.01 to 0.1% by weight of Si02, and the b; 
of A1203 and subsequently firing the shaped mixture.The mixture may be fired at a temperature in tl 
range of from 1400 DEG C to 1800 DEG C thereby densifying the texture thereof to a relative densi 
not less than 97% and a sintered alumina-based ceramic article characterized in that its crystal phase 
comprises corundum ( alpha -A1203) and lanthanum beta -alumina (La203.11A1203). 

As the first step in the production of the sintered article formed mainly of alumina according to this 
invention, a mixture having a chemical composition of from 1 to 10% by weight of La203, from 0.0 
0. 1% by weight of Si02, and the balance of A1203 is prepared. 

The La203 content of this mixture is in the range of from 1 to 10% by weight, preferably from 3 to ' 
weight. If the content is less than 1% by weight, the sintered article produced will acquire a low frac 
toughness of not more than 5 MPam<l/2> because the platelike particles of LaAll 1018 are produce 
only a small amount. Conversely, if the content exceeds 10% by weight, the sintered article produce- 
have low strength because the formed LaAll 1018 will account for not less than 40% of the sintered 
by volume, the sintering will occur among the adjacent LaAll 1018 particles, and the sintered article 
produced will acquire properties which approximate those of LaAll 1018, It is, therefore, important 
confine the content within the range specified above. 

The silica content of the mixture is in the range of from 0.01 to 0.1% by weight, preferably from 0.0 
0.08% by weight. If the content is less than 0.01% by weight, the sintered article produced will have 
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fracture toughness because the alumina constituting the matrix will fail to attain full growth into plat 
particles. Conversely, if the content exceeds 0. 1% by weight, the sintered article produced will show 
signs of lowered high-temperature strength because the amount of vitreous phase originating in the 1 
phase formed in the process of sintering and remaining among the sinter particles will increase. It is, 
therefore, important to confine the content within the range mentioned above. 

For the preparation of the mixture, either powdery compounds of A1203, La203, LaA103, and S\01 
precursor compounds which yield such oxides when heated are used as the starting materials. As the 
which constitutes a trace component of the mixture, it is advantageous to use silicon alkoxides like 
tetraethyl silicate and colloidal silica in view of their amenability to homogeneous mixing. As the so 
for alumina and lanthanum oxide, powdery materials are generally used. As the source for lanthanur 
oxide, it is particularly desirable to use LaA103 powder. This is because La203 reacts readily with \ 
and, when persisting in its unaltered form in the mixture, absorbs moisture to cause swelling of the s 
mixture. The raw materials, namely A1203, La203, LaA103, Si02, etc. should best have a high puri 
not less than 99.9%. 

For mixing these raw materials, any of the conventional machines used for mixing or kneading pow< 
materials can be used. Though this mixing may be carried out in a wet or a dry process, it is desirabl 
performed in the wet process. In the wet mixing, such solvents as water, methanol, ethanol, and tolu» 
usable. The mixing can be carried out effectively in water by adjusting the pH of the mixture in the i 
of from 3 to 5 as by dropwise addition of nitric acid and in an organic solvent by using such a disper 
cationic cellulose. Further, in the mixing or kneading process, it is desirable to exercise such precaut 
using balls made of high-purity alumina as a pulverizing medium and a container made of high-puril 
alumina or synthetic resin as a mixing vessel so that the amount of the impurities which pass from th 
and the vessel into the produced mixture and cannot be removed by heating can be limited to below 
by weight. 

This invention specifies use of raw materials of high purity and recommends use of balls made of hi; 
purity alumina and a container made of high-purity alumina or synthetic resin in the process of mixij 
these raw materials in order to preclude the possibility that such impurities as alkali metals and alkal 
earth metals entering the raw materials prior to or during the firing process will form a low-melting- 
vitreous phase and markedly degrade the high-temperature properties of the sintered article produce< 
Commercially available high-purity alumina and lanthanum oxide raw materials generally contain si 
the rate of some tens of ppm. When such commercially available materials are used, therefore, it is c 
to keep the silica content of the mixture below 0.005% by weight (50 ppm), especially when additioi 
silica is present at the site of the mixing process.lt is, therefore, desirable to measure the amount of s 
from the mixing environment before hand, as by emission plasma spectroanalysis, and then adjust th 
amount of silica to be added during the preparation of the mixture. 

Then, the mixture of raw materials obtained as described above is formed into a desired shape by a c 
or filter press wet molding technique or by provisionally drying the mixture by the spray dry techniq 
example, and then dry molding the dried mixture by the conventional drying technique. 

Subsequently, the shaped mixture is fired by the conventional firing method which comprises first 
calcining the mixture in the air at a temperature in the approximate range of from 600 DEG C to 100 
DEG C thereby thermally removing therefrom such extraneous substances as salts, dispersant, and n 
admitted in the mixing process and thereafter firing the calcined mixture at a temperature in the rang 
from 1400 DEG C to 1800 DEG C, preferably from 1500 DEG C to 1700 DEG C, thereby densifyin 
For the purpose of realizing high strength and high toughness in this case, it is necessary that the mb 
be densified to a relative density of not less than 97% and the reaction between the raw materials be 
to proceed thoroughly until the sintered article forms a crystal phase consisting solely of A1203 and 
LaAll 1018.1f the firing temperature is less than 1400 DEG C, the sintered article produced will acq 
low fracture toughness because the mixture cannot be densified to a relative density exceeding 97%, 
residual pores will be a possible cause of rupture and bring about a decrease of strength, and the plat 
crystals of LaAll 1018 will not be sufficiently formed. Conversely, if the firing temperature exceeds 
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DEG C, the particles of A1203 and LaAll 1018 will grow excessively to the extent of lowering strer 
Thus, it is necessary that the firing be carried out in the temperature range mentioned above. Further 
relationship between the firing time and the firing temperature is such that the firing time should be 
lengthened when the firing temperature is low and shortened when the firing temperature is high.Foi 
purpose of meeting the conditions mentioned above and realizing high strength and high toughness, 
however, it is advisable to carry out the densification for a period in the range of from 0.1 to 10 hour 
sintered article is characterized by the fact that the densification can be attained by ordinary pressure 
which is easy to perform. Alternatively, the densification may be effected by hot pressing or HIP, fo 
example. 

Although an oxidative atmosphere is preferably used in the firing process, it is also allowable to can 
the firing process in a non-oxidative atmosphere (nitrogen gas or argon gas). 

The sintered ceramic article of this invention obtained as described above and formed mainly of alur 
possesses a microstructure having platelike lanthanum beta -alumina particles dispersed in an alumii 
matrix formed of platelike particles. The microstructure having such intermixed platelike particles 
produces high toughness. Further, the different sorts of platelike particles dispersed in the microstnu 
mutually repress their abnormal grain growth, uniformize distribution of particle sizes, increase strei 
do not permit persistence of any low-melting substance after sintering, and consequently promote hi. 
temperature strength. This invention is therefore capable of producing a sintered ceramic article forn 
mainly of alumina and exhibiting such heretofore unattainable properties as high strength, high toug 
and high strength at elevated temperatures. 

Prior to completing the invention, the inventors found that by the sole addition of a very small amou 
Si02 to alumina, the particles of alumina which are in an isometric form in the absence of this additi 
grow in a platelike form. They also ascertained that the sintered article obtained from the mixture 
involving the sole addition of Si02 acquires an extremely heterogeneous texture having giant plateli 
alumina particles and minute platelike alumina particles mixed therein and, as a result, exhibits rathe 
lower strength and fracture toughness than the sinter excluding the addition of Si02, as shown in Ta 
appearing later in this specification. Further, in the mixture involving the sole addition of La203, the 
improvement in the toughness of the sintered article is slight.This invention is characterized by the f 
high strength and high toughness unattainable by the sole addition of Si02 or La203 can be attained 
simultaneous addition of Si02 and La203. 

As clearly shown in Table 1 , which summarizes the results obtained in the working examples and 
comparative examples described hereinbelow, when the raw materials fall in the content ranges spec 
by this invention, the sintered article produced assumes a crystal phase consisting of A1203 and 
LaAll 1018 and exhibits room temperature strength of not less than 500 MPa, high-temperature (12( 
DEG C) strength of not less than 350 MPa, and fracture toughness of not less than 5 MPam<l/2>. 

This invention thus provides a sintered ceramic article which is formed mainly of alumina and exhib 
high strength, high-temperature strength, and high toughness on a high level not attainable by the 
conventional sintered ceramic article formed mainly of alumina. 

The sintered ceramic article according to this invention, which is formed mainly of alumina, can the) 
be expected to find extensive utility as a structural material for use in corrosive environments which 
be endured by conventional materials. It can also be expected to be adopted as an inexpensive high- 
temperature structural material for use in the place of refractory alloys and non-oxide ceramic mater 
Specifically, the sintered ceramic article can be used in pumps, seals, nozzles, bearings and other 
mechanical components which require resistance to corrosion and resistance to abrasion, and also in 
exchangers, engines, gas turbine components and other products which require resistance to heat.Fui 
in the field of electronic material parts, bioceramics and other functional materials, the sintered cerai 
article of this invention can be expected to dramatically improve material reliability through increase 
toughness. 
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The invention will now be described specifically below with reference to working examples and 
comparative examples. 

EXAMPLES 1 TO 7 AND COMPARATIVE EXAMPLES 1 TO 7 



The procedures involved in these working examples and the comparative examples were identical e> 
that the raw material powders used therein were varied in composition. 

The procedure used was as follows. 

A liquid silica dispersion was prepared by adding 250 mu 1 of IN nitric acid to a prescribed amount 
tetraethyl silicate and stirring them together at 40 DEG C for 12 hours to make hydrolysis. In a plane 
ball mill using balls made of high-purity alumina with an assay of 99.9% and a mixing vessel made ■ 
plastic resin, 32 cc of distilled water, the whole amount of the liquid silica dispersion and prescribed 
amounts of A1203 power and LaA103 powder in the distilled water, and 2.5 cc of IN nitric acid add 
thereto were together mixed for two hours. The A1203 powder had a purity of not less than 99.99% 
particle diameter of 0.2 mu m and the LaA103 powder had a purity of not less than 99.9% and a pan 
diameter of 0.5 mu m. The total amount of these powders was about 70 g.The prescribed amounts 
mentioned above were such that the raw material compositions of the working examples and the 
comparative examples had the numerical values shown in Table 1 below. The raw material contents 
in the working examples and the comparative examples are also shown in the table. The slurry 
consequently obtained was cast molded under a pressure of 4 kg/cm<2> to obtain a shaped plate me; 
60 x 50 x 7 mm. This shaped plate was dried for twenty-four hours in a constant temperature-constaj 
humidity bath kept at a temperature of 50 DEG C and 50% RH. Then, it was calcined in the air at 80 
DEG C for one hour to remove salts and the resin leaked from the mixing vessel.A sintered article (f 
was obtained by setting the calcined plate in an alumina crucible, heating it in the air at a temperatur 
increasing rate of 10 DEG C/min to 1600 DEG C, and leaving it to stand at 1600 DEG C for two hoi 
The sintered article thus obtained was cut into test pieces measuring 3 x 4 x 40 mm. The test pieces 1 
ground, tested for four-point bending strength at room temperature in accordance with Japanese Indi 
Standard (JIS) R-1601, for high-temperature four-point bending strength at 1200 DEG C in accordai 
with JIS R-1604, and for fracture toughness by the SEPB method according to JIS R-1607. In 
consideration of the possible entry of impurities, particularly silica, during the mixing, forming, and 
processes of the mixture, the chemical composition of the sinter was determined by the emission pla 
spectroanalysis (ICP method). The chemical analysis according to the ICP method revealed no other 
cationic impurities than Al, La, and Si. The results of the determination of mechanical properties, ch 
composition, densities, and crystal phases for X-ray diffraction are shown in Table 1 together with tl 
material contents. The numerical values of density shown in the table represent the magnitudes of re 
density (%) based on theoretical density. EMI 15.1 

Data supplied from the esp@cenet database - Worldwide 
Claims of corresponding document: EP06S9705 



1 . A sintered ceramic article formed mainly of alumina, having a chemical composition of from 1 to 
by weight of La203, from 0.01 to 0.1% by weight of Si02, and the balance of A1203, and substanti; 
comprising corundum ( alpha -A1203) and lanthanum beta -alumina (La203.11A1203). 

2. A sintered ceramic article according to claim 1, wherein the content of said La203 is in the range 
from 3 to 7% by weight. 

3. A sintered ceramic article according to claim 1, wherein the content of said Si02 is in the range o: 
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0.02 to 0.08% by weight. 

4. A method for the production of a sintered ceramic article formed mainly of the alumina, which coi 
shaping a mixture of A1203, La203, and Si02, calcining the shaped mixture in the air at a temperati 
the range of from 600 DEG C to 1000 DEG C, and further firing the calcined shaped mixture to a 
temperature in the range of from 1400 DEG C to 1800 DEG C. 

5. A method according to claim 4, wherein said mixture comprises from 1 to 10% by weight of La2( 
from 0.01 to 0.1% by weight of Si02, and the balance of A1203. 

6. A method according to claim 4, wherein said firing is performed at a temperature in the range of f 
1500 DEG C to 1700 DEG C. 

7. A method according to claim 5, wherein the content of said La203 is in the range of from 3 to 7°A 
weight. 

8. A method according to claim 5, wherein the content of said Si02 is in the range of from 0.02 to 0. 
by weight. 

9. A method according to claim 4, wherein the heating temperature for said firing is maintained for i 
period in the range of from 0.1 to 10 hours after the completion of said firing. 

10. A method of producing a sintered ceramic articles comprising sintering a mixture containing aluj 
characterised in that said mixture incorporates LaAll 1018 in an alumina matrix and an amount of si 
such that the alumina and LaAll 1018 form platelike particles. 

1 1 . A sintered ceramic article comprising alumina, characterised in that the alumina matrix comprise 
LaAll 1018 and an amount of silica such that the alumina and LaAll 1018 comprise platelike particl 
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&». ia5Btt©56«tt^3r7©#»S-iE*llffla 
fiiSffi (4 0 0-8 0 0"C) KT©a*fclRSn*. 50 



#BW7-2 7 7 8 1 4 

2 

(2) ttJW***tt*»'3*.fX*-**ttli*fcJ:* 
*S»T?©JB«*SV>B3l€rttW»*lt«tO«ttlHl±€ 
Ba^fcT**. ^©^aiCfe^Tfe, WAtf. J. Ad. 

Ceram. Soc. 67 [12] C267-C269 (1984) Klgft 3 nt 
V>«J:9IC. 8. 7MPam ,/l -&J6MtMKfc*i9:?Mtt 

T*fc©&lS#©3aSttfiT-rs. JDA.T.' 10-30 

t>j»fwiniffi3c»ffi (h i p> r«ifiesfft)fe«*er. 

an, *fiT**t^4JBft»«TT©fi^lW©«[fflKl4 
m6fUEEV>fc*X.6ttft.' (3) ©#83*. fl*«J. 
Mater. Sci. , 28 5953-56 (1993)fcfaft;SftTV>$J: 
5»C, J/U*-**^. ->'J*-V^*->7^©«iJSE 
a*«T7*S^tK«l/T«*t4*'r*»l««l«* 
fflWCiCJ:!). *IS»fc7^3±tt : P«H*tt©K 

*cfiiWi©itf5x*3W8Hrr6fc©. ssfflT©»«ffi 

T*«*U>i:W3 (4) l47;U5^-7h 

'Jyf X«Cfc««©A*1J-7;l'5*-Hl^ ( LaAlnO 
... LaMgAhiO,, m *«MW»KrtftS«*«ltT. tt 
«S#«t>fcfiH^^7Xffl*^#Uanfc»iSfiT©»« 
«&tt©ft"F*»*av>a*. *©*«MfettH*.«J. Am. 
Ceram. Soc. 75 [9] 2610-12 (1992)IC«*SnTV>-5 
i^lC4MPan ,/J 8JttlS|±l<"UM4*S 

[0 0 04] 

©»tt»fc#Srrll6n£j|lttMMi, 
VM4J8*»fi8»CS4i!tSIT-e»3MI2fetmWtt* Eft 
fc»»T*j:t#»H«T?*»). 7*5 *■©**»»£ b 

T©#*aBa*+#fc»j»a*« wcmtfr? ft. 

[0 0 0 5] *!E91©B«tt> ft*»&Ma©«»liJR 

tf*©tttoW*«HW-* j: t tea «. 

[00 06] 

[g|IS£#&f 5fc®©^S] mHTftit. LaAlnOii 

*n»s»ttcfin, i/*>t>7^st-7h»j y * x«c ictte 

j -LaAl i . 0. . JMft**+<?C7^5 i-&&&#<09l& i & 
fl5C^V>T«t«Jt*tfo&. *©«*. AliOs <hLa 2 0 
» ©H«4M»6ft««XM|:«ttALTft&nfcjNIMI:iC 
«V>Ttt. ffl5W»B©K*T±*-r*LaAli:0n liffi 
ttlOS&f *t>©©v hU •y^X©7;P3±eTtt^»l!) 
UCTfcO. C©Ct*<**IC*3V>TWfe©(6j±k^© 
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4 



(3) 

3 

ffiT©SHT&*C<»:a*#o£. C©ft£S;S(cS6IC 
©S^«2fi*^fe3 Dffi*©AliOs -LaAliiOii*tt 

aas©S'y#«M;mBa«i::ai^a«sft«a 

[0 0 0 7] Tftfr^. #»Wtt. La 2 03 OS 10 

m%> SiOi*«0. 0 1~0. lfiftX, J8D*<7JP5^ 
*S*«ft*«lJ«*«r*B^fctJ«MI. 1 4 0 0- 

1 8 0 0T:T»*"r«J:tfcJ:D«»«K9 7XfiU:K 

<8*<37>y^ (o-AhO.) t5>^>/3 -7;W3± 
( LajOj-lLAhOs) A»6«:*CtS»at'r67^3^- 

tO 0 0 8] *«9I©7*5 *£*£»«#* fctt. * 
1*. LaaOj *U~10SS%, S10»*t0. 0 1-0. 1 20 

«*«««•*•*. 

[0 0 0 9] CiT, La 2 0s ^*MCHbTtt, 1-1 
0®S«©«5H, JftL<tt3~72SX©«BT?» 
*. -eL/T-€-©fl*tiafixeJlT"C«, KttLaAlnOu 
tiT- ©£SSa»4>fc V>fcaaa#ffl«*«tttf« 5 MPam 
" 2 KTfctt<fc*. -t©S*tl OfifiJGeUT 
tt. &«T*LaAluOii ©#«W£tf4 0fl4l%EU:£ 

fto. LaAiuOitttTPreiMMt^c. ^^n^fiiiisft 

©Wttflt LaAln0 1 »©#£l::ifi^ ! b©<J:&*fca3fia<E 30 

[ooio] '>'j*©^rtrfi»cHL,m o. o 

1-0. lfifi%©tiHI, «F*Ktt0. 0 2-0. 0 
8fiS!K©«iffl-r*S. *LT-t©ft*to. OlfiSX 
KTTtt, V MJ -y ? XT&* 7 J-0H*&CBttC 
&fib&^fcaaig*©««»tt»fc<&*. -J». * 

©sa*o. lBaxBLteia. Mttacaa-raafli: 
ia-r*j:i:*»aBT»*. 

[0 0 11] B^«©#«C*V»T. ffl»M»tLTAI 
2 0j, La 2 0s, LaAlOs, $\&UE<0®%m*&Z>W$M1& 

*. #fc. *fi*»T»*'>iJ*lCHl/TB^-»jg^ 
*a*T*fc»K:, xh5X^->'J$— hfc£©->'J 
a >-7fr3*~> K*3 P-f 'J **»»afcfflt> 6 
n*. *fc, 7;P3tRl^8ft7>^>iSttTtt©* 

s»*t-»icffifflsn**», fticm^^iitLT 
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»a«c«to«}g^»sr**>6T»*. sec. 

fi[ffl-r*j:tX6IS<SHcBiL/T«. AliOs, La 2 0j, LaAlO 
>, SiO> ft£<rvfnt>M*9 9. 9XSl±©*M&B& 

fc*«asbv>. 

[0 0 12] Iin6©«©S£fc3&oTtt. © 

*©s#**^ttjg«K:fflv»6n*ji#©««*€effl-r 
iv»««. a*L<ttsafc*v»Tfi^sn*. s^as 

C*V>TB. *. V)VX>13. 

2©*»iwbv>&*. **T©B^K*i»Ttt«a*if 
*aTi/pHft3~5caat«j:tcj:D. 
aa*a v>fc«*»* ?*>tt-fe;v □ - df©»««i 
*av>* c t ic j: o»««fca^*ff 3 c tii«Te*. 
sec. afta«wttaaBMc*v>m ©smt^ 

7d:L.Ti85«a7^S^»3H-;K B£8aibTKM 

*7^3^«**nttaaa*»*av>*aifi/T. * 

&*a&§o. iaaxfiiTicr*ct««a*un. 
[0013] *»wfc*i»T. attaaft&ttjfl u a 
6K*©a^iac*^TaiB«7;v5^«#-*. a 
a«7;u3:*-K£88. aawm&£«a*>«aaii. 
a»*«k^*©aj«ie^ic*v>TfiA-ra7;i'* u* 
a. 7;w* u ±a*aft£©7M«0<ttjmcttaA© 
*f?z*ts-*u aa«©aaatt«*t<afiss« 

R«a^fT8*»&aA-r*->'j*as:o. oosss% 

(5 Oppm ) WTIwffiiSfSCtttBat?**. 

»» aA-r«^>j»a«ae»i;fta%^9X7$HK^ 
«ttftCKj:oaai/. E^Kajn-r*^'j*a*w 

[ooi4] ±iE©«t5icbT^e.nfca^m^ 
», a&»aa. 7^;^-^i/x*£©aac«»fcj: 

D, **V>ttX^V'-H9'fttft£KJ:D-a«aU 

«fe©«;S!:j«^Jc j: r> s&afcic&asn*. 
[o o i si aEjss»*tt. aaeiaa^tt. f 
s-faftf6oo~iooox:sa©Ba-ca 
atffw. mm, ftmm. mtsnn-vrnxLitm^z 
aaaau/ta. i4oo~i 8oo"c©as, 
<«i 500-1 70 or©a*T»*r*i:tR:j:D 
asfftan*. c©bl k^k • K«jft*as-r*fe» 
it, ffl^®aE9 7XK±icaffiftt. aaa«t 

Al 2 0>i: LaAlii0u©*©ieaffit)ft**TSfiffl©5 

*«+»»caff«**j:tia«eB"c**. ttf£as*'i 

4 0 0*CaTT*ntf, ffi^ffi«9 7XK±tw«ffifl:T 

*r. 9#f*a?i*j««atft*fc»a«fiT€t>fc 

6U LaAl.iOu ffittfefi*«+»lc4j5gL*V>fe 
ft«aWtt*»fi<ft*. ttfiEM^*'! 8 0 ota 
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5 

±r\t AhOs&tf laA\uQi,®®Bt<Z>&l£&ifi£.Mm 

<ST£t>fc&-t©T. ±&mgmm-v%js.zfT 5 
mr$>z. mz, vummt, mmmmnzm 
u mf$.&mm^t2\t&<. *ittt^tz\z\m< 

TSitWabV^J, ±j£©g#£8&fcU8i$fig-SS 

«?tt^S5S$*-5fc»Jcii, o. i~i 0P#pg©ft^« 

tyh^W, HI Plc±9©8Mfc£fT5 Jit 
[0 0 16] «I^O»Hatl/Ttt» 6tfc£B 

lynx* &zwm&^<mm*im:i>z. 

[0 0 17] Z.<7i&5\ZLT®t>t\1t*%W<»7)\,S.1- 

©#l»ic<fc o ffls© AttSAfttflMM 3 nfi^ ©*£ s 

[0 0 18] agftgli, *56^|cjfeS[S. 7^5*fc 
*. L*U SlO»0»®roTttft&n«jMftM:B* 

7 » s ^-fittik? t Mk7 ^-ftttttT L/ 

San*J:5K:. HA, ®8«)tt<kfcSH&;!)0©t>©«fcD 

%tii?>&</3.%z\tms&LT»z. sfc. wie©«k 

5fc Lai(h*llW8MlC*fr>Tfeattlft±l'«;Mitt 
K *89J©#«tt, ^©.fcSICSiOj. LbjOj *tt©8S 

[00 19] 

[^JSCT ffi£S©Th?X^->'J'!r-MclN«IK 
£2 5 0 « lgsiDU 4 0X;?l2KimfltWtZZ\t\Z 

2 c c iC^'J^ffiS?©^. ffi£S© Al.0 s »<M3J; 
tfLaAI0»©#£Aft. 3£I::1NB?K2. 5cc£&iD 
t, Mft9 9. 9X©iliWffi7^5^S*-^ 1 i:fflSiS 

iiS:fflv>Taia^-^5;nc«fco 2^wii^sfTo^. 

AU0 > !»#i:l.T*SK9 9. 9 9 9SJBU. J&gO. 2m 
m©*)©*, LaAI0.J»ft:tt«a9 9. 9%^±. &g 



(4) 4$BI¥7-2 7 7 8 1 4 

6 

o. Sumo-bostefflUfc. ESffifili»7 0gTfc 
0, ESttlllCjjVt 1 4aS©itfi^tCO^TfTO& (* 
$9i&lfl-©tM$0i|££tj) . z\a*.5\zLT®e>ft1tx 
7'J-&4kg/cD J ©E*TTfiBi*fi!c^ff^. 6 Ox 
5 0 x 7mm©*£3©l3yg#£,ffc. Sft5 CC. S 

as o x©tii& • gs^ST2 4^wa)S^-e-fca. 

a«f>-e8 0 0"C. lBIWfi&Sfrofc. £©<5&#£7 

jus t^ytficasu a^-ci o , c/DiD.©#sa 

10 ftTl 6 0 OtSTMftU 1 6 0 0tT2l$|t8#f$«- 
m»«8**»ft. #6n&jW8#»43 x 4 x 4 Oram 
©KKfrlCWSr, BfH'J£ffo&&. J I S R - 1 6 0 
1 fc«fc-5Sfi4^fllllf3ISa«£ 1 J I S R - 1 6 0 4 
Ki* 1 2 0 0t:T©it5ffl4£fttfiSft«JJfc, RXfJ I 
S R - 1 6 0 7©SEPBffilCi§»«m4Jffljt^ff 
ofc. S&IC, E&<gj©fg£\ i$M, jifiEl@C*lt* 
^ICv'J^fflgAS^LT. &£#©«:¥« 
fij6£fgtt7"7XV#ft#flf (ICPS) KiDJiWc. 
a*. I CPffiCiM^flflCfc^T, Al. La, Si& 

«©ffi£ll3£&E£fflj£fc£tottTSlc^'f. ffi. ««t» 

©&ftttg§&®S££®£T*ffl* 1 -®ft (x) ttklt 

[0 0 2 0] 

[£9J®»£] «a»SW&*»&J:3fc. *ffiW©ifl^«S 

LaAli,0i8^e,^O. «ffl»ffi*t5 0 0 MPa&U. jfiSS 
( 1 2 0 0-C) 3&ft#3 5 0 MPa«±, ^AWBtt^ 
50 5MPa-m 1/J fil±S:fl-rs. 

[0 0 2 1] «±*£^>t«k5(Z*«M(Cj;n«, ?E*© 
7JP 5 i-S-t 7 5 <y 9 X -VWm-Ciftifi o it 
»Sg5fiSMr;iCiSWtt©l^«f56iE|*<BjlB!ft7;i'5 ts 

•fe 7 5 v 9 x &g«-r* c tarn t -s. 

[0 0 2 2] a^T, *»^ICJ:S7;P5^S-Ir7 5«y 
^X«:ffl^SC:«!:JcJ:»3, K#©WTftt«^iBilT 

;k ^7U>^«h«68 i b. seicH^tt©a^eii 
jsten*. St, ^©^TW^fflia. A-rtt735/ 

[«i] 
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